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Abstract

Human identification, particularly face recognition, is a task performed by hu-
maus for thousands of years with a very high accuracy. Automatic identification,
performed by computers, emerged first from law enforcement applications but
quickly found its way to other civilian applications and the cveryday life. As
the smart home concept begins to take shape, alongside accessible biometric
systems more broadly, an integrated and reliable identification may transform
our home to a stream of personalized data. Vast improvements in processing
the data can radically change different aspects of our life from comfort to our
indispensable health. Modern sensors, e.g. high resolution and depth sensing
cameras, became widely used, mainly thanks to the gaming industry. These
sensors are able to provide posture information next to the color image for iden-
tifying and tracking multiple people in a home environment. Since the sensors
are already deployed, new applications are emerging for instance in gaming; in
automation related to the hybrid broadcast broadband TV and related services;
or health, like exergames, serious games and tcle-rehabilitation.

In this thesis we focus on human identification, in particular on face and iris
rccognition which offer the least intrusive identification, hence can be used
within a smart home without discomnfort. In the last two decades the state-
of-the-art performance of face recognition improved rapidly, even though it still
remains an open problem in unconstrained environment. In this thesis we an-
alyze diflerent face recognition methods and contribute by proposing a new
method (based on local binary patterns) which offers trade-off between recogni-
tion accuracy and performance, hence is suitable for in home use. We simplified
the training procedure by (i) improving the accuracy of the method when only
small number of samples (or even a single sample) is available, (i1) selecting ap-
propriate samples (using a clustering algorithm) from camera stream to avoid
redundancies in the training set.

We complement the imperfections of face recognition with recognition based
on the iris (which currently offers superior recognition rates). We improved
iris coding stage the de-facto standard iris recognition method. In addition we
have proven that iris can be recognized also from the color cameras of standard
mobile devices. This could help to transform millions of existing mobile devices
to personalized iris recognition scanners, hence help to inprove the privacy of
people.

We propose a novel concept of a platform designed particularly for serious games
used in physical rchabilitation, suitable also for in-home use. This platform is
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unique middleware that decouples sensor devices, games and data analysis. In-
terconnection of different parts can be done through a novel interface that allows
therapists to “re-program” the exercises rapidly without unnecessary knowledge
of technical details. Part of the platform is also a proposed method for interac-
tion detection (incorporating also biometric identification) between the patient
and the therapist. This method help with the objective and automated assess-
ment of the patient’s state during the therapy.



Abstrakt

Identifikdciu jednotlivecov, konkrétne rozpozndvanie tvdrf, vykondvaju Iludia
s velmi vysokou presnostou uz tisicky rokov. Automatické identifikdcia,
vykondvand potitatmi, bola najprv pouzivala v kriminalistike, ale rychlo nagla
uplatnenie aj v inych oblastiach bezného zivota. V rychlo sa rozvijajucom
koncepte inteligentnych domdcnost{ a s vyuzitim dostupnymi biometrickych
systémov, by identifikdcia jednotlivcov mohla transformovat nase domécnosti
na zdroj personalizovanych informdcil. Vyrazné vylepienic spracovania in-
forméci{ mdze radikdlne zmenil rézne aspekly nésho #ivota, od nigho pohodlia
az po zdravie. Moderné senzory, napriklad kamery s vysokym rozlienim a
rozpoznavanim hfbky, st vo velkom pouzivané, najméa v hernom priemysle.
Tieto senzory dokdzu zaznamenal postavu éloveka spolu s farebnym obra-
zom, ktory moze byt pouzity na identifikdciu a sledovanie viacerych osdb v
domécom prostredi. Kedze Iudia tieto senzory uz pouZivajd, vznikd tak sa
moznost pre tvorbu novych aplikacif napriklad v hernom priemysle, v autom-
atizovani stvisiacomn s hybridnymi TV prijimaémi alebo v oblasti zdravia, kde
vznikajd tzv. exergamecs, hry s vdznym zdmerom a mozZnosti rehabilitdcie na
dialku.

V tejto dizertaénej praci sa zameriavame na identifikdciu jednotlivea, konkrétne
na rozpoznavanie na zdklade tvdre a dihovky, kloré je moiné zosnimat bez
znfZenia komfortu, v inteligentnych domovoch a domécnostiach. Presnost a
vykon metdd rozpozndvania na zéklade tvarf sa v poslednych dvoch desatroéiach
vyrazne zlepéila, no napriek tomu ostdva toto rozpoznévanie v nekontrolo-
vanych podmienkach aj nadalej otvorenym problémom. V tejto praci analyzu-
jeme roézne metédy rozpoznavania na zdklade tvdre a navrhujeme novi metédu
(zalozend na lokdlnych bindrnych vzoroch), ktord je kompromisu medzi pres-
nostou rozpoznévania a vykonnestou, vhodné na pouzitie v domécnostiach. V
tejto metéde sme zjednodusili trénovanie () zlepSenim presnosti metédy pri
powzit{ malého poétu trénovacich vzorick (ale dokonca len jednej vzorky) (i)
vyberom vhodnych vzorick z kamery (zhlukovanim) tak, aby sme sa vyhli re-
dundancidm v trénovacej mnozine.

Nedostatky rozpozndvania tvar{ sme sa rozhodli kompenzoval pouzitim
rozpoznavania na zdklade didhoviek (ktoré dnes dosahuje vyssie presnosti
rozpoznavania). Pomocou novej metédy sme zlepsili §tandardnd metddu
kédovanie dihovky. Okrem toho sme dokézali, ze dihovka méZe byt rozpoz-
nand aj z farebného obrazu zachyteného kamerou beznych mobilnych zariadeni.
Tento pristup médze umoznit vyuzit milibny existujicich mobilnych zariadent
ako osobnych skenerov ddhovky, napriklad na lepsic zabezpedenie osobného
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sukromia.

Navrhli sme novy koncept platforniy pre hry s seridznym zémerom pouzité v re-
habilit4cii, vhodné tiez na pouzitie pre tele-rehabilitdciu. Navrhnuté platforma
je unikétny koncept oddelujici a abstrahujtei vstupné zariadenia, samotué hry
a spOsob analyzy dét. Prepojenie jednotlivych Casti je mozné v jedinecnom
rozhrani, v ktorom mndze terapecut preprogramovat rehabilitacné cvidenie bez
technickych znalostf. Stéastou platformy je aj navrhnutd metéda na detego-
vanie interakcie (s vyuZzitim biometrickej identifikdcie) medzi pacientom a ter-
apeutom. Talo metéda pomodze s objektiviym a automatizovanym zhodnotenfm
stavu pacienta pocas terapie.



